Among plain heart infusion broth (HIB), heart infusion broth by Feeley and Pittman (FP-HIB), glycerolized heart infusion broth (HIGB) and glycerolized brain heart infusion broth, the largest number of hemolysispositive tubes were obtained with HIGB.
The results given by two agar plates, an aerobic plate of brain heart-thioglycollate-cystine agar (BHTCA), devised by the authors during the course of this study, and an anaerobic plate of heart infusion agar with washed sheep red cells were also compared with those given by HIGB.
It was demonstrated that BHTCA was also satisfactory for the hemolysis test of V. cholerae.
Thus, when 1,124 strains resistant to polymyxin B and to Mukerjee's phage IV with one exception being sensitive to the latter were tested in HIGB and BHTCA, the hemolytic activity was demonstrated in 99 % of the strains. Classical strains were consistently nonhemolytic in/on these media; no false positive was recognized in any of them.
However, some varying results were recognized between HIGB tube and BHTCA plate.
Variation was also given even in the same medium among strains which revealed weakly or no hemolytic activity.
From these results, in this paper the joint use of HIGB and BHTCA has been recommended for the determination of hemolytic activity of V. cholerae. The test should be repeated if a doubtful or negative result is obtained.
Role of glycerol in HIGB and of thioglycollate and cystine in BHTCA for detection of hemolytic activity was discussed.
INTRODUCTION
Although Vibrio cholerae biotype eltor is differentiated from the classical biotype of the species principally by its production of heat-labile hemolysin, many workers reported inconsistent results of the hemolytic tests (Tanamal, 1959; Muker jee, 1963; Finkelstein and Mukerjee, 1963; Roy, Mridha and Mukerjee, 1965) . The hemolytic test on cholera vibrio was originated from a study of Greig (1914) , who employed classical cholera vibrio and hemolytic non-cholera vibrio but none of hemolytic cholera vibrios. In recent years, however, modifications have been used more frequently than the original Greig test. Feeley and Pittman (1963) recommended to use 24-hr heart infusion broth culture for the test. Barua and Mukherji (1964) described that glycerolized heart infusion broth gave larger number of positive results than the broth without glycerol. Ganguly et al. (1966) reported superiority of glycerolized brain heart infusion broth for the test.
On the other hand, deMoore (1963) recommended an anaerobic culture on blood agar plate for detecting hemolytic activity.
The hemolytic activity should be most important to differentiate between classical and El Tor biotypes of V. cholerae, since the name V. cholerae biotype eltor has been designated for its hemolytic activity (Hugh, 1965; Feeley, 1966) . Although a number of other procedures such as tests for chicken red cell agglutination (Finkelstein and Mukerjee, 1963) and for susceptibility to polymyxin B and Mukerjee's phage IV (Mukerjee, 1963) have been prompted for differentiation of El Tor biotype from classical cholera vibrio, the identification should depend upon confirmation of the hemolytic activity, because it does not appear reasonable to include nonhemolytic vibrios in the El Tor biotype according to the proposal by the International Subcommittee on Taxonomy of Vibrios (Feeley, 1966) . In this view point, several procedures of the hemolysis test have been compared to find a reliable one for testing hemolytic activity of V. cholerae. Plate hemolysis test : An agar medium, brain heart-thioglycollate-cystine agar (BHTCA), was devised by the authors for the hemolysis test of V. cholerae during the course of this study. The BHTCA consisted of 3 % dehydrated medium of brain heart infusion broth, 0.05 % sodium thioglycollate, 0.05 % L-cystine, and 1 % Oxoid agar No. 1. A 10 % solution of sodium thioglycollate in distilled water and a 10 % solution of L-cystine in diluted HCl at 1:10 were used to prepare the medium. Ingredients added to distilled water were allowed to stand for 15 min to dissolve the dehydrated medium.
MATERIALS AND METHODS
The mixture was adjusted to pH 7.4 and autoclaved at 115 C for 15 min without preboiling. After mixing well and cooling to 50 C, 5 ml of a 20 % suspension of washed sheep red cells in saline was added to 100 ml of the medium and the mixture was poured into Petri dishes. Special precaution was taken against overheating the basal medium not to decrease the efficiency. The plate test was also performed with heart infusion agar, consisting of commercial dehydrated medium of heart infusion broth and Oxoid agar No. 1, containing 1.5 % of washed sheep red cells (HIA).
Each plate was inoculated with one drop of an overnight heart infusion broth culture with a Pasteur pipet.
More than eight cultures were tested on a single plate. The HIA plate was incubated for 24 hr in an anaerobic jar in which the air was replaced with nitrogen gas. The BHTCA plate was incubated at 37 C for 24 hr in an usual manner. Polymyxin B sensitivity test : The test was carried out using discs containing 50 units of polymyxin B (Eiken) on DST agar plate (Oxoid) on which 0.1 ml of diluted 24-hr broth culture at 1:100 was streaked.
After placing the discs, the plate was kept in an ref regerator at 4 C for 2 hr and then incubated at 37 C for 18 to 24 hr.
Susceptibility to Mukerjee's phage IV: It was tested at the routine test dilution (RTD) by the method of Mukerjee (1963) .
RESULTS

Media and Cultural Condition for the Hemolysis Test
Comparison among different products of peptone and extract.
In a liquid medium with 1 % glycerol, different products of peptone and extract were tested for hemolysis with 100 strains of V. cholerae resistant to polymyxin B and the phage IV. As shown in Table 1 Each ingredient was used in broth (pH 7.4) containing 1 % glycerol.
from animal tissue, such as Bacto-proteose peptone, Bacto-tryptose and Thiotone-BBL, than in that wit' peptone from milk casein. When infusion from heart muscle obtained from the Eiken Co. in a dehydrated form was added to the broth, a largest number of positive tubes were recognized, whereas beef extract and soy peptone (Phytone-BBL) did not affect the results. It was confirmed, therefore, that heart infusion broth was the most appropriate medium for the hemolysis test of V. cholerae, since the medium contains infusion and peptone produced from animal tissue.
Comparison among products of heart infusion broth.
When the Dif co product of heart infusion broth was compared with that from other three manif actures using the broth containing 1 % glycerol, and the 100 strains tested gave positive hemolysis in tubes of Dif co broth, while some gave negative results in broth prepared with the latter three. The differences among four batches of the Dif co products were much less than those among the manif actures.
Effect of incubation period on detection of the hemolytic activity in HIGB.
Five tubes of HIGB were inoculated simultaneously with each of 50 strains and incubated at 37 C. Each tube was tested after incubation for 10, 18, 24, 36, or 48 hr.
Only a few cultures showed weak hemolysis at 10 and 18-hr cultures. All were HEMOLYTIC ACTIVITY OF V. CHOLERAE positive at 24 hr, although the reaction in some tubes was weak.
In 36 hr all cultures were positive and the reaction was strong in most tubes.
However, the number of positive tubes decreased in 48 hr.
Comparison among several batches of BHTCA.
Brain heart infusion broth was a principle basal medium in BHTCA; heart infusion or nutrient broth could not replace it. Three batches of brain heart infusion broth of Dif co and one batch each of the medium from BBL, Eiken and Nissui were used to prepare the basal medium of BHTCA to be compared with the 100 strains. No difference in the reaction was observed among these batches. The tests were repeated at least three times and the final results are shown in Table 2 . Remarks : HIB -plain heart infusion broth, FP-HIB -heart infusion broth by Feeley and Pittman, BHIGB -brain heart infusion broth with 1 glycerol, HIGB -heart infusion ui oth with 1 % glycerol, HIA -heart infusion agar with washed red cells (anaerobic plate), BHTCA -brain heart-thioglycollate-cystine agar. Table 3 , cultures from one or more colonies of 41 of 47 strains which were nonhemolytic in the initial HIGB tube showed hemolytic activity in HIGB and so did those of 18 of 58 nonhemolytic strains on the initial BHTCA plate on BHTCA.
Cultures from six of the 1,124 strains resistant to polymyxin B and the phage IV except one sensitive to the latter were constantly nonhemolytic in both media although the colonial selection and the hemolysis test were repeated more than five times. Table 3 . Results of retest with strains initially giving negative reaction in the same medium A total of 1,072 hemolytic strains in HIGB gave also positive reactions on BHTCA, but the degrees of hemolysis in both media by an individual strain were not always the same.
On the other hand, 34 strains were hemolytic only in HIGB tube, whereas 12 only on BHTCA plate.
According to their hemolytic attitudes in both media, the 1,124 strains were divided into four categories as indicated in Table 4. HEMOLYTIC ACTIVITY OF V. CHOLERAE Table 4 . Grouping 1,124 strains by their hemolytic activities in HIGB tube and onsBHTCA plate
Of the 1,222 strains studied here, 550 were isolated by the present authors during the cholera studies in Calcutta (1969 and 1970) under the joint auspices of the Council of Medical Research, the West Bengal Government Health Department and the World Health Organization.
The 550 strains were tested for hemolytic activity at that time of isolation by using HIA plate containing washed sheep red cells, under an anaerobic condition and also in HIGB tube.
All the strains, except 12 which were sensitive to polymyxin B and the phage IV, lysed red cells on HIA plate, and 449 and 83 of these strains gave weak and strong reaction, respectively, in HIGB tube.
When these strains were retested for the hemolytic activity after 5 to 7 months, the same results as those at the initial time were given on the anaerobic HIA plate. On the other hand, these strains showed some variation in their hemolytic activity in HIGB tubes when kept in stock for 5 to 7 months.
Of the 532 strains which gave weakly positive reaction in the initial HIGB tubes, 160 exhibited strong hemolysis in the tube, 13 of 18 strains which gave negative result in the initial tubes showed weakly positive results in the tube, and no variation of a degree of the reaction was observed with the remaining strains.
DISCUSSION
This study indicates that HIGB is supperior to HIB and BHIGB for the tube hemolysis test with V. cholerae and that incubation for more than 24 hr in HIGB is required to achieve satisfactory results. The plate method of the test using BHTCA was also appropriate because it gives a larger number of true positive and no false positive results and it does not require anaerobic cultivation of the plate. It seems, therefore, that 1% glycerol in HIGB and 0.2% glucose in BHTCA act as a stabilizer of pH. Acid produced from those carbon compounds possibly neutralizes an alkaline pH of the medium brought about by growth of vibrios. On the other hand, it is known that false positive reaction may be obtained when the medium contains a sufficient amount of carbohydrate to lower the pH to 5.5 (Vassiladis, 1935) . It was recognized, however, that positive reaction in HIGB and BHTGA was not due to acid hemolysis, since the hemolytic activity of the HIGB culture was not observed in heated culture and the pH values of the cultures were 7.0 to 7.2 after 24-hr incubation. Feeley and Pittman (1963) suggested that the rapid disappearance of hemolysin from the recently isolated South East Asian cultures may have been due to the rapid autodestruction. Wake and Yamamoto (1966) reported a hemolysin destructive factor produced concomitantly with hemolysin by El Tor cholera vibrios. In a preliminary study on BHTCA, the authors found that some enzymatic activity of the vibrios such as gelatin hydrolysis decreased when they were cultured under an anaerobic condition or in a medium containing some carbohydrate.
It is possible that such condition in HIGB and BHTCA inhibits the activity or production of the hemolysin destructive factor. Sen and Shrivastava (1970) emphasized that the hemolytic activity of V. cholerae is a constant property.
It may be partially true. It should be mentioned, however, that results of the tests are not necessarily consistent. In this study, the majority of strains gave consistently strong positive reactions, but some strains gave different reactions when the tests were repeated.
In addition to this, Barua and Gomez (1967) reported that different colonies from a given culture varied in their hemolytic activity. Their finding has also been confirmed in this study. Sen and Shrivastava (1970) cautioned that the blood agar plate method may show false positive as hemodigestion may mistakenly be recorded as hemolysis. It should be emphasized, however, that no hemodigestion was observed on agar plate containing washed sheep red cells so for as the plate was incubated at 37 C for 24 hr under anerobic condition, non on BHTCA plate under aerobic condition. Furthermore, no strain resembling the classical biotype of V. cholerae showed hemolytic activity on these plate. The authors believe, therefore, that the plate method is also appropriate for the hemolysis test of V. cholerae, although Sen and Shrivastava emphasized the tube method for the hemolysis test.
It should be noted that with some strains the results in HIGB tube were different from these on BHTCA plate.
This finding suggests that the hemolysin produced by El Tor cholera vibrios may consists of at least two elements, but the search for such elements has not been carried out.
From these findings it is recommended that the tube test in HIGB is used jointly with the plate test on BHTCA for detection of hemolytic activity of V. cholerae. When BHTCA is not available, HIA with washed sheep red cells can also be used under an anaerobic condition.
If a negative result is obtained with either the tube or plate method, the test should be repeated.
As mentioned above, Barua and Gomez (1967) described the dissociation of nonhemolytic colonies from hemolytic cultures.
Such colonical dissociation was also observed in this study. Several nonhemolytic, polymyxin B-and phage IV-resistant strains found in the authors' collection may be such nonhemolytic mutants derived 
